Molecular breeding for industrial yeasts, like sake yeast, wine yeast, and baker's yeast is limited by the lack of an ideal recipient strain.
In transformation experiments with Saccharomyces cerevisiae the isolation of transformed cells largely depends upon the complementation of recessive auxotrophic mutations. In this system ura3, trpl, and Ieu2 mutants are commonlyused as recipient strains in genetically defined haploid strains. Since it is very difficult to construct auxotrophic strains of industrial Saccharomyces yeasts which have more than diploidy, the ideal recipient such a uraS homozygous mutant has not been reported. We have found that a uracil auxotrophic mutant (ura3/ura3) is easily isolated by ethylmethane sulfonate mutagenesis of sake yeast using a positive selection medium, an FOAplate,1} on which only & ura3 mutant can grow. 2) With respect to possibilities that mutagenesis treatment also damaged some of the many useful genes for sake brewing and that such a mutant reverts to wild type with a certain frequency, construction of the mutant by gene 2979 disruption is the most suitable method for the auxotrophic mutants of recipient strains for molecular breeding.
Casey et al?~5) reported the use ofSMR1 6 '7) as a general purpose dominant selection marker pURA30and pTRPll were used as probes for detection of integrants. Plasmid pUC18 was used as a bacterial plasmid DNA probe. The 0.9-kb Pstl-Smal URA3 fragment from pURA30 (see Fig. 1 ) and the 1.4-kb EcoRl-TRPl fragment from pTRPll (see Fig. 5 ) were isolated from agarose gel by a Geneclean kit (Funakoshi) to serve as URA3and TRP1probes, respectively. Sake brewing. Using the resulting auxotrophic mutants, laboratory scale sake brewing, the moromimash of which consisted of 160g of rice, 40g ofkoji rice, and 260ml of water, was done by the method by Nanba et al.28) The fermentation was started at 7°C, the temperature increased to 15°C at the rate of 1°C a day and then the temperature was kept at 15°C for about 12 days. Fermentation profiles were monitored by a loss of the weight by CO2 evolution. Whenthe total amount of the loss reached 60 g, the moromimashwas centrifuged and the supernatant was obtained as sake. General components of the obtained sake were analyzed by the standard method established by the National Tax Administration Agency.29)
Results

Construction of the plasmids for URA3gene disrup t ion
Since a sake yeast is diploid and has two URA3 genes, two kinds of plasmids are in general necessary to disrupt the URA3 genes.
The first plasmid, pURA36, with two deletions of 0. 12-kb EcoRV-Scal fragment and 0. 14-kb Hincll-Hincll fragment within URA3coding region, was constructed from YIp5 and pUCl 8. Thereafter, the second plasmid pURA-38 was constructed from pURA36 and pWX509, which contains SMR1 gene as a dominant selection marker (Fig.  1 ). The The 0.9-kb Pstl-Smal fragment containing the URA3gene was isolated from YIp5 and inserted into the Pstl-Smal site of pUC18 to form pURA30. pURA30was digested with Hindi, and ligated to form pURA34(not shown). Then pURA34was digested with EcoRV and Seal and ligated to construct pURA36.pURA38was constructed by insertion of a Smal-Sacl fragment containing SMR1 gene of pWX509into the Smal-Sacl site of pURA36. P, integration with pURA38. One mutant was type B, which has disrupted URA3genes with the Hincll-Hincll deletion and integrated with pURA38from both K-701 and K-901, and one mutant was type C, which has two disrupted URA3genes with the Hincll-Hincll deletion from K-701 (Fig. 4) . Southern blot analysis of the 9 strains of the transformants from direct disruption with one plasmid (Fig. 2B) TypeC i^SElil^^^^^^^1/16°/16
Type d "^JEJ^^á""á"á""á""" ND 6/9 Construction of the plasmid for TRP1 gene disrup t ion pTRP12with a deletion within the coding region of TRP1 was constructed from YCpGl 1 and pUC18. Thereafter, the 0.9-kb fragment containing the URA3gene was inserted into pTRP12 to form pTRP14, which has a deleted TRP1 gene and a complete URA3 gene as a selection marker (Fig. 5) .
Isolation of TRPl gene disruptants from uracil auxotrophic mutants of sake yeast Figure 6 shows a strategy for isolation of tryptophan auxotrophic mutants from uracil auxotrophic mutants. First, a uracil auxotrophic mutant from K-701, U-4-12 was transformed with pTRP14 (ATRP1 URA3) digested with Xbal and the transformants were isolated on the SD plate. Of 12 strains of the transformants, the structure of the TRP1gene gene disruptants were isolated using Trp-deficient plates.
Finally two strains were obtained as TRP1disruptants.
appeared. Of about 10,000 colonies, about 20 strains forming small colonies were replicaplated onto SD plates with or without tryptophan. Finally, two strains of tryptophan auxotrophic mutants, of which both TRP1 genes were disrupted, originating from two colonies on FOA plate were isolated. They were designated UT-1 and UT-2.
Southern blot analysis of the tryptophan auxotrophicmutants
Total genomic DNAof tryptophan mutants from the uracil mutant U-4-12 were prepared and Southern blot analysis was done (Fig. 7) . trpl/trpl)); Lane 6, UT-2 (homozygous disruptant same as UT-1).
Sake brewing using the gene disruptants Figure 8Ashows fermentation profiles using the URA3 gene disruptants.
All uracil auxotrophic mutants fermented more slowly than the parent sake yeasts. However, by introduction of one URA3 gene into the mutant (U-4-12) transformed with the 0.9-kb Pstl-Smal fragment of the URA3 gene, the fermentation profile became normal like the parent strain, K-701, indicating that these URA3gene disruptants are fully applicable for recipients of molecular breeding of sake yeasts. K-701 and K-901, wild type sake yeast; U-4-12 and U-9-1 1, uracil auxotrophic mutants (ura3/ura3) from K-701 and K-901, respectively; U-4-12-U and U-9-1 1-U, URA3integrants (URA3/ura3) from U-4-12 and U-9-1 1, respectively; UT-1, uracil and tryptophan auxotrophic mutant (ura3/ura3 trpljtrpl) from U-4-12; UT-1U, URA3gene integrant (URA3/ura3 trpljtrpl) from UT-1; UT-1T, TRP1 gene integrant (ura3/ura3 TRPljtrpl) from UT-1.
The sake obtained using the disruptants had higher acidity and OD at 280, and lower alcohol content than the parent strains (Table   II) . The higher acidity resulted mainly from ore succinic acid and malic acid (data not shown).
These analytical values also returned to normal by introduction of URA3gene to the disruptant (Table II) . Next, the sake brewing using TRP1 gene disruptants was also done (Fig. 8B ). Since UT-1 originated from the uracil auxotrophic mutant, Pstl-Smal URA3fragment of pURA30and a resulting mutant was designated UT-1U (a/oc trpljtrpl ura3/URA3). Similarly, a uracil auxotrophic mutant was constructed from UT-1 by gene replacement of the 1.4-kb EcoRI fragment of pTRPl l and the resulting mutant was designated UT-1T (a/a trpl/TRPl ura3j ura3). The fermentation profiles of are almost the same as the parent strain, K-701, indicating that a tryptophan auxotrophic mutant, UT-1U, may be more suitable for a recipient than a uracil auxotrophic mutant like strain U-4-12.
Discussion
In this report, we have described the construction of uracil auxotrophic mutants by URA3gene disruption from sake yeasts. Since a sake yeast is diploid, it has two URA3genes. Our strategy was that one URA3gene was first disrupted with pURA38 (AURA3 SMR1), followed by the other URA3 gene disruption with pURA36 (A URA3). The disruptants with pURA38,which show no uracil auxotrophy as the other URA3 gene is intact, were isolated on an SMplate. The disruptants of both URA3 genes with pURA38 and pURA36, which show uracil auxotrophy from a ura3 homozygous mutation, were thought to be isolated on FOA plates ( Fig. 2A) . However, while no expected genotype mutant (type X in Fig. 4) When a diploid strain has heterozygous genes with different size such as type X of disruptant (Fig. 4) , it has a tendency to form homozygousgenes of the same size, by mitotic gene conversion, suggesting that this heterozygosis is very unstable. A similar phenomenon was observed in a heterozygous trpl mutant isolation (Fig. 6 ). There is a tendency to form homozygous genes longer than in these two cases. However, further experiments are necessary to elucidate this phenomenon.
The growth phenotypes of both URA3 and TRP1 disruptants in YPDmedium were almost the same as the parent strains, but the fermentation profile of sake brewing was weaker in URA3 disruptants and almost the samein the TRP1 disruptant, indicating that sake moromimashcontains adequate tryptophan but insufficient uracil for sake yeast. The obtained sake by use of URA3disruptant had a higher organic acid content, suggesting that the URA3gene product may be concerned in an organic acid production during sake brewing.
Although both URA3genes of these uracil auxotrophic mutants were disrupted, introduction of one URA3 gene into the mutants showeda normal phenotype almost the same as the parent sake yeast. It is important that few revertants appear from a recipient strain in recombinant DNAexperiments, especially in sake yeast, because the transformation frequency is in general much lower than in laboratory strains. In fact, from the constructed disruptants, especially types C and D of uracil mutants and tryptophan mutants, no revertants appeared, because the gene had a deletion within the coding region. In recombinant DNAexperiments using a laboratory strain, the complementation of recessive auxotrophic mutations such ura3, trpl, and Ieu2 was commonly used and the plasmids with these genes as selection marker were constructed. The uracil and tryptophan auxotrophic mutants from sake yeasts are convenient, as the plasmids constructed for laboratory strains are applicable for sake yeast without reconstruction.
In addition, types C and D of uracil auxotrophic mutants and a tryptophan auxotrophic mutant lack bacteriaderived DNAsequences. These results indicate that the constructed URA3 and TRP1 disruptants are very useful for molecular breeding of sake yeasts. The construction method described here can be used for other Saccharomyces yeasts, including baking, brewing, and wine yeast strains.
